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A B S T R A C T  
A reproducible roughness f a c t o r  of 1.74 has been found f o r  s i l v e r  f o i l  which 
has  been oxidized i n  the  ammoniacal e l ec t ro ly t e .  
as a co r rec t ion  f o r  a l l  cu r ren t  dens i ty  and overpoten t ia l  da ta .  
This roughness f a c t o r  w i l l  be used 
Preliminary inves t iga t ion  of a l t e r n a t i v e  methods f o r  t he  determinat ion of the  
e f f e c t i v e  e l e c t r o l y t t c  sur face  area of s in t e red  and f o i l  s i l v e r  e l ec t rodes  have 
been performed. 
d a t i o n  of the  s i l v e r  electrode a t  a constant  po ten t i a l .  
necessary instrumentat ion f o r  fv r the r  s tudy i s  now under way. 
The b a r i r  f o r  these  determinat ions of t he  su r face  area i s  an 0x1- 
The development of t he  
S i l v e r  f o i l  was oxidized with a d  without u l t r a son ic  v ib ra t ions  a t  var ious  
cu r ren t  d e n s i t i e r  with the  temperature cont ro l led  t o  2 0.1OC. 
charging capaci ty  was l a r g e r  a t  high and low cur ren t  d e n s i t i e r  than a t  moderate 
cu r ren t  dens i t i e s .  
i t y ,  i nd ica t ing  t h a t  no p e r r i s t i n g  s t r a i n 8  i n  the  r i l v e r  occur and t h a t  surface 
c leaning  by the  u l t r a r o n i c  v i b r a t o r  plays no s i g n i f i c a n t  role. 
'Ihe increase  i n  
Vibrat ion p r i o r  to  oxidat ion f a i l e d  t o  increase  charging capac- 
1 
S E C T I O N  I 
POTENTIAL AND CURRENT VARIATIONS 
OVER THE ELECTRODE SURFACE 
I n  t rod uc t ion  
1 One of the  problems discussed i n  the  Second Quar t e r ly  Report of JPL Contract 
951911 was the  change i n  the  s i l v e r  e lec t rode  sur face  caused by oxida t ion  i n  the  
ammoniacal e l e c t r o l y t e .  Electrodes which have been oxidized appear t o  have a 
g r e a t e r  sur face  roughnesr but  the  quan t i t a t ive  change i n  t h e  roughness f a c t o r  
( ac tua l  sur face  area/geometric surface area) was not known. The r e l a t i o n s h i p  
between the  roughness f a c t o r  and the  magnitude of the  oxi'dizing cu r ren t  was a l s o  
unknown. 
d i s t r i b u t i o n  experiments as well as i n  the  po la r i za t ion  measurements, i t  is impor- 
Because the  r i lver -aanonia  e lec t rode  i r  Used i n  our p o t e n t i a l  and cu r ren t  
tant  t o  determine there  changes. 
the  determinat ion of t he  phyr ica l  changer i n  t h e  e l ec t rode  sur face  when i t  l e  
The'purpose of the  experiments reported here  i s  
rubjected to  ex tens ive  oxida t ion  a t  vr r ious  cu r ren t  denrit ies i n  an ammoniacal 
med iura. 
Experimental 
The modified Haring cel l  and Luggin c a p i l l a r y  system'have been described. 293 
0 The temperature of a l l  experiments was 20.02 0.1 C. 
The ammoniacal e l e c t r o l y t e  has  t h e  following composition: 14.7 NH40H, 
0.10 1 KN03, 0.025 AgN03. For the su r face  area es t imat ions  the  0.10 E KOH 
e l e c t r o l y t e  was used. 
aonnonia contamination i n  the  0.10 1 KOH e l e c t r o l y t e  during roughness f a c t o r  determi- 
nat ions.  
Ness le r ' s  reagent (0 .050 E K HgI ) was used t o  d e t e c t  2 4  
A l l  ma te r i a l s  uaed were reagent grade. 
2 
Electrode Roughness Fac to r  Experiments 
Our ob jec t ive  was the  oxida t ion  of t he  s i lver  e l ec t rode  i n  t h e  Haring ce l l  a t  
s eve ra l  cu r ren t  d e n s i t i e s  i n  t h e  ammoniacal e l e c t r o l y t e  and the mearurement of  t he  
changes i n  roughness f a c t o r  a t  t h e r e  aevera l  c u r r e n t  d e n s i t i e s .  
The method used i n  measuring the e f f e c t i v e  e l e c t r o l y t i c  su r face  area was the 
one descr ibed i n  previous repor t r .*  I n  t h i s  method the depth of ox ida t ion  (Ag t o  
Ag20) on a p rec i se ly  f l a t .  s i l v e r  surface is a s s w d  t o  be the  same as t h a t  for an 
i r r e g u l a r  r i lver  su r face  i f  the  ac tua l  c u r r e n t  d e n s i t t e r  of both su r faces  are 
equal ,  
of  t he  e l ec t rodes  from s i l v e r  t o  s i lver  (I) oxide are experimental ly  set equal.  
The c u r r e n t  d e n s i t i e s  are coneidered equal  when t h e  times f o r  t he  ox ida t ion  
For t h e  i r r e g u l a r  sur face ,  t he  r a t i o  of c u r r e n t  t o  cu r ren t  d e n s i t y  is the  su r face  
area. 
One d i f f i c u l t y  encountered i n i t i a l l y  was t h e  in t e r f e rence  of absorbed ammonia 
re leased  from t h e  a c r y l i c  p l a s t i c  (Plexiglas)  of the Haring cel l  dur ing  the s u r f a c e  
area determinat ion,  This ammonia paebing i n t o  the 0.10 E KOH e l e c t r o l y t e  increased 
t h e  time of oxi,dation because of t h e  enhanced s o l u b i l i t y  of t he  s i l v e r  oxide. Addi- 
t i o n a l  evidence of t h e  presence of smmonia was obtained by the  use of Nessler's 
reagent  which is i ens i t i ve  t o  
h o t  water f o r  two o r  t h r e e  hourr  elimin8ted any d e t e c t a b l e  trace of ammonia from t h e  
cell .  
0 , O O l e .  NH3/ml. Continual f l u sh ing  of  the  cel l  wi th  
The r e s u l t r  of t he  ru r f ace  area measurements are prerented i n  Table 1. There 
was no s i g n i f i c a n t  d i f f e rence  i n  the  roughness f a c t o r s  u l t imate ly  produced by c u r r e n t  
2 d e n s i t i e r  of 0.127, 1.5,  and 6.4 m/cm . For t h i s  reason a cu r ren t  d e n r i t y  of 
6.4 ma/cm2 was used i n  most runs made t o  determine how long i t  t akes  for  the  elec- 
t rode  to  reach a con)tant  roughness f a c t q t .  
had been etched with 5 ,P HNO3 p r i o r  t o  use were compared with e l ec t rodes  which had 
been subjected t o  the usual  c leaning procedures. 
which had a high roughness f a c t o r  (HN03 e tched)  and those with a low roughness 
For t h i s  determinat ion e l ec t rodes  which 
Thus we s t a r t e d  with e l ec t rodes  
f a c t o r  (cleaned with c leanser ) .  
f o r  1 ,5  hour or longer produced 
I n  each case oxida t ion  i n  
a roughness f a c t o r  of 1.74 
t i o n  f o r  a s h o r t e r  period of time produced lower roughness 
3 
ammoniacal e l e c t r o l y t e  
- + 0.03. However, oxida- 
f a c t o r s  f o r  f o i l  e l ec t rodes  
cleaned with cleanser as i n  runs 3 and 6 and h ighe r  roughness f a c t o r s  f o r  e l ec t rodes  
previously etched i n  HN03 as i n  runs 7 and 9. 
be used t o  c o r r e c t  a l l  cu r ren t  d e n s i t i e s  and overpoten t ia l  d a t a  f o r  the  range of 
2 apparent cu r ren t  d e n s i t i e s  of 0.13-6.4 m a / c m  . 
Thus a roughness f a c t o r  of 1.74 w i l l  
Conclusions and Future Work 
A roughness f a c t o r  of 1 . 7 4 5  0.C3 has  been found f o r  e lec t rode8  which have been 
2 oxidized i n  the  aaunoniacal e l e c t r o l y t e  a t  cu r ren t s  of 0.13-6.4 m/cm . 
about 1.5 hour of ox ida t ion  a t  6 . 4  ma/cm 
remains constant  with f u r t h e r  oxidation, 
It taker  
2 t o  reach t h i s  toughness f a c t o r  which 
We are continuing with experiments which w i l l  show how our  experimental  data 
compare with theory proposed by Wagner4 on cu r ren t  dens i ty  d i s t r i b u t i o n  as indicated 
i n  the Second Quarter ly  Report' of JPL con t rac t  951911. 
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S E C T I O N  I1 
DETERMINATION OF EFFECTIVE ELECTROLYTIC SURFACE AREA 
Introduct ion 
The development of methods f o r  the determinat ion of t he  e f f e c t i v e  e l e c t r o l y t i c  
sur face  area of s in t e red  and f o i l  s i l v e r  e lec t rode0  i s  the  ob jec t ive  of t h i s  phase 
of our program. 
preparing e l ec t rodes  of r i l v e r  rpheres of known diameters ,  c a l c u l a t i n g  sur face  
areas of these e lec t rodes ,  and then determining the  su r face  areas experimentally 
f o r  comparison with the  ca lcu la ted  values. 
2 We have developed one method and have checked t h i r  method by 
3 
Current ly  we are conrfder ing two modif icat ions f o r  determining rur face  area 
e l e c t r o l y t i c a l l y .  
p rec i s ion  po ten t io s t a t  and a cur ren t  i n t e g r a t o r  f o r  t he re  s tud ies .  
f o r  t hese  s t u d i e r  i s  being arrrembled. 
r a t i o n a l e  of t he re  modificationr.  
Some p r e l i d n a r y  experiment6 have demonrtrated t h e  need of a 
The apparatus  
I n  t h i s  report we w i l l  only o u t l i n e  the  
Modification I 
I n  t h i s  method the  oxida t ion  of the  e l ec t rode  w i l l  be e f f ec t ed  a t  a conr t an t  
We expect the  cu r ren t  t o  r ire rap id ly  p o t e n t i a l  r a t h e r  than at  conr t an t  current.  
t o  a peak and then decreare as t he  thicknerr  of t h e  oxide l aye r  %ncreareo, the  
e l ec t rode  becoming e f f e c t i v e l y  pasrivated by the oxide layer ,  
be followed on a recorder  v i a  an in tegra t ing  c i r c u i t ,  thereby providing a direct  
reading of t h e  total  charge. 
The cu r ren t  flow w i l l  
Allen’ has  rhown t h a t  the  thicknerr  of an  oxide l a y e r  (X) may be determined 
from the  t o t a l  charge (q = it) and the sur face  area (a). 
a t  conr t an t  cu r ren t  ( f ) .  
H i 8  measuremento were midc 
5 
M = molecular weight of oxide,  F = faraday,! - dendi ty  of oxide 
Our suggestion i s  t h a t  the depth o f  oxida t ion  a t  conr tan t  p o t e n t i a l  i r  
J i d t  X - k  a 
and may be the  same f o r  smooth and i r r e g u l a r  e l ec t rodes  a t  t h a t  po ten t i a l .  
we plan t o  ure a p o t e n t i a l  s l i g h t l y  higher than t h a t  needed t o  ox id i r e  r i l v e r  t o  
Ihe re fa re ,  
r i l v e r ( 1 )  oxide but  lower than t h a t  needed t o  oxid ize  r i l v e r ( 1 )  oxide to  s i l v e r ( I 1 )  
oxide. A p rec i se ly  rmoqth e l ec t rode  whore rurface area i r  equal  t o  i t 8  geometr ical  
area w i l l  be used t o  determine the  standard depth of oxidation. Then the  charge 
necessary t o  pass iva te  an e l ec t rode  of 
t i o n  of the  a c t u a l  area 
X(standard) - 
of the  surface 
i r r e g u l a r  sur face  may be used f o r  determina- 
according to  the  equat ion 
Modification I1 
Another approach is barred upon the he ight  of the  i n i t i a l  peak i n  the  graph 
of  cu r ren t  ve r ru r  time a t  conr tan t  po ten t i a l  f o r  the  oxida t ion  of a r i l v e r  e lec t rode .  
"hi8 cu r ren t  m a x i m u m  i r  a func t ion 'of  po ten t i a l ,  rur face  area of the  e l ec t rode ,  and 
o t h e r  r eac t ion  va r i ab le s ,  
r t a n t  the  func t iona l  r e l a t i o n r h i p  between cu r ren t  m a x i m a  and appl ied p o t e n t i a l  f o r  
p rec i se ly  rmooth ru r f ace r  of known area may provide another method f o r  sur face  area 
eet imat ion.  
f o r  the  smooth'electrodee. The cur ren t  maximum f o r  an e l ec t rode  of i r r e g u l a r  sur-  
f ace  can be determined, Then, bared on the  assumption t h a t  the  cu r ren t  d e n s i t y  
maxima are the  lame f o r  smooth and i r r e g u l a r  ru r f ace r  a t  the eame po ten t i a l ,  a 
We suggeet t h a t  i f  t he re  o the r  var iab le8  are held con- 
A graph of cu r ren t  dens i ty  ver rur  applied p o t e n t i a l  can be prepared 
c a l c u l a t i o n  of sur face  area can be d e .  
i max ( i r r egu la r )  
A a c.d. majt (standard) 
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Future Work 
Duris  the newt quarter the experimental data necerrary to support or reject 
there propoials w i l l  be acquired, 
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S E C T I O N  111 
1HE EFFECTS OF ULTIUSONIC VIBRATIONS 
ON THE OXIDATION OF SILVER 
In t roduct ion  
The e f f e c t r  of u l t r a s o n i c  v ibra t ion8  on the charging capac i ty  of rilver can 
be r tudied by obrerving the  change i n  p la teau  length of t he  f i r s t  ox ida t ion  of 
s i l v e r  t o  s i l v e r ( 1 )  oxide. 
It ha8 been demonstrated t h a t  an increare  of pla teau  length  occurr i f  the  
oxida t ion  taker  place i n  an u l t r a ron lc  vibrator. '  The magnitude and caure of t h i r  
increase  a8 a func t ion  of cur ren t  den r i ty  have not*been  adequately r tudied by 
earlier experimentr. 
6 
Skalotubov, Kukot, and Mikhailenlro reported experiment8 on the  e f f e c t r  of 
u l t r a r o n i c  v ib ra t ions  on r i l v e r  oxidation. 
caured by an inc rea re  i n  rur face  area.  
alro caure t h i s  increase.  
They bel ieve t h a t  t h i r  i nc rea re  11 
An inc rea re  i n  depth of oxidat ion could 
An increase i n  e f f e c t i v e  sur face  area or depth of oxida t ion  could be caured 
by (1) the  cleaning a c t i o n  of the  v ibra t ions ;  (2) f r a c t u r i n g  of the  rur face ,  
e s p e c i a l l y  of t he  oxide l a y e r  during oxidation; (3) c i r c u l a t i o n  of e l e c t r o l y t e  t o  
previously unreacted sur faces ;  or (4) o t h e r  f a c t o r s  not y e t  considered. 
Expe rimen t a1 
The charging capac i ty  11 temperature dependent so the  temperature of the 
bath is cont ro l led  t o  ,+ 0.1OC. 
not  s e n s i t i v e  enough and thermometer8 cannot be ured i n  u l t r a s o n i c  baths  so 
t he rmis t e r s  were used t o  determine the  temperature t o  a p rec i s ion  of ,+ 0.01'. 
The thermocouples which were previously used were 
8 
Water from an e x t e r n a l  bath,  controlled a t  18.9'C i f  the v i b r a t o r  was on o r  2O.O0C 
if the vibrator was o f f ,  maintained a c e l l  temperature of 20.0 ,+ 0. l 0 C .  
were c o l l e c t e d  at  t h i s  temperature. 
A l l  d a t a  
The s i l v e r  f o i l  e l ec t rodes  were cleaned with anaabrarive c l eanse r  and r insed  
thoroughly with d i s t i l l e d  water. 
F o i l  e l e c t r o d e s  were oxidized both with and wgthout u l t r a r o n i c  v i b r a t i o n s - a t  
each cu r ren t  d e n r i t y  and the r e r u l t r  were compared. 
prevent any e f f e c t 8  due t o  e l e c t r o l y t e  c i r c u l a t i o n .  
S i l v e r  foil was ured t o  
Data and Reru l t r  
2 
150, 200, 250, a d  30C)umpr (109, 145, 184, 218, 291, 363, and 436 
and without  v i b r a t i o n r  of 80,000 Ht and 80 watt.. 
from 10 t o  35% a t  there  cu r ren t  d c n r i t i e r .  
ox ida t ion  waa e t t h e r  rapid (a plateau length  of about 1.5 minuter) or rlow (a p la t eau  
S i l v e r  fo i l  d i r c r  of 0.688 cm geometric area were oxidized a t  75, 100, 125, 
m p r / c m 2 )  wi th  
The charging capac i ty  iacreared 
The l a r g e  increarer occurred when the  
length  of about 10 minuter). 
c u r r e n t  d e n r i t i e r  which were wi th in  10% 
Raproducibil i ty war b e t t e r  than  4% except f o r  t h e  h i s h  
See Table 11. 
S i l v e r  f o i l  d i r c r  which were rubjected t o  u l t r a a o n i c  v i b r a t i o n r  f o r  10 minuter 
j u r t  p r i o r  t o ,  but not during, oxidation rhowed no i nc rea re  i n  charging capac i ty .  
The p l a t eau  length  of r i l v e r  which had never been rubjected t o  v ib ra t ion8  war 
2.99 2 0.02 minutes while the  p lc teau  length  of t h e  e l ec t rode8  which were v ib ra t ed  
p r i o r  t o  oxida t ion  was 2 . 9 4 2  0.14 minuter. 
mental e r r o r  l i m i t s .  See Table 111. 
The d i f f e rence  i r  w e l l  w i th in  experi-  
Conclusionr 
The c u r r e n t  d e n s i t i e s  r tud ied  were thoro which are in t he  r a q e  where rou8hncrr 
1 f a c t o r  determination8 can be 
p l a t eaus  a t  low c u r r e n t  d e n r l t i e r  gave more time f o r  f r a c t u r i n g  of t he  oxide t o  occur, 
We ruggertad i n  t h e  lart  r e p o r t  t h a t  t h e  long 
9 
r e s u l t i n g  i n  l a r g e r  i nc rea re r  i n  charging capac i ty  than at  high cu r ren t  d e n a i t i e r .  
However, we have found no much r e l a t ion rh ip  between charging capac i ty  increaoe and 
cu r ren t  denr i ty .  
Although the  p re ren t  c leaning  method might i n r e r t  a degree of uncer ta in ty  a8 
t o  haw much the  ru r f ace  W ~ E  roughened during c leaning  (producgng a non reproducible  
inc rease  i n  rur face  area), the re  appearr t o  be a d e f i n i t e  decreare  i n  the  e f f e c t r  of 
the  v ibra t ion6  from 100 to  300 2 )caPipr/cm and an inc rea re  from 500 to  450 w p r / c m 2 .  
Since an  inc rea re  i r  noted with f o i l  electrodem, e l e c t r o l y t e  c i r c u l a t i o n  i r  
not a f a c t o r .  
KOH p r i o r  t o  oxida t ion  prover t h a t  rurface c leaning  by the  action of t he  u l t r a r o n i c  
v i b r a t i o n r  i r  not re rponr ib le  f o r  the increare noted when v ib ra t ion r  are appl ied 
during oxida t ion. 
The lack of any i n c r e r r e  when the  e l ec t rode r  were vibrated i n  0.1 N 
The unstable  p o t e n t i a l  dur ing  t h e  lart  r t a g e r  of oxidat ion which war reported 
1 previously waa found t o  be due to  inadequate electrical contac t  with the  e l e c t r o d e  
a6 t h e  oxide l aye r  became th icker .  
the  e l ec t rode  her  e l i m i n a t e d  t h i r  i n r t a b i l i t y .  
Additional p re r ru re  of t h e  platinum ho lde r  a g a i n s t  
Future Work 
The e f f e c t r  of  cu r ren t  d e n r i t y  on the  inc rea re  of charging capac i ty  by v ibra-  
t i ona  w i l l  be f u r t h e r  r tudied t o  determine how t h e  per  cen t  i nc rea re  v a r i e s  a t  
c u r r e n t  d e n r i t i e r  beyond the  range already r tudied.  
An e l ec t rode  cleaning method which w i l l  g ive  reproducible  rur face  arear w i l l  
be rought. 
of cu r ren t  d e n r i t y  t o  i n c r e r r e  i n  charging capac i ty  can be -de. 
After t h i r  problem i r  eliminated a more exact r tudy of t h e  r e l a t i o n r h i p  
A determinat ion f o r  r i l v e r  ion i n  the  a c i d i f i e d  e l e c t r o l y t e  a f t e r  ox id iz ing  the  
rri lver w i l l  reveal whether a r i g n i f i c a n t  amount of oxide ha8 been warhed away by the  
v i b r a t i o n r  during oxidat ion.  
a f t e r  ox ida t ion  with the  inc rea re  in pla teau  length  w i l l  g ive a q u a n t i t a t i v e  
A comparison of t he  amount of s i l v e r  i n  the  e l e c t r o l y t e  
10 
est imate of how great a ro le  the lo88 of oxide from the electrode plays i n  the 
increase of charging capacity by ultrasonic vibrations.  
11 
TABLE I 
Electrode Roughners Fac tor  Experiments 
Roughnesr 
Current Oxidation Fac tor  
Run Densigy Time (actual  area) - No. m / c m  l h r )  (geometric area) 
1 0.127 12 1.75 

































Elec t rode  His tory  
( p r i o r  t o  run) 
oxidized a t  6.4 ma/cm2 f o r  
2 ' hour8 
oxidized a t  6.4 ma/cm2 f o r  
11 min. and a t  0.127 d c m 2  
f o r  12 h r .  (run no. 1) 
new e l ec t rode  cleaned with 
c l eanse r  
oxidized at  6.2 -/cui2 f o r  
.3  h r .  (run no. 3) 
oxidized a t  6.4 ma/cm2 f o r  
. 7  hr: (run no. 4)  
new lelectrode cleaned v i t h  
c leanse r 
new elect rode-e tched wi th  
5 E HNO3 
oxidized a t  6.4 ma/cm f o r  
. 5  hr .  (run no. 7 )  
2 
new ele'ctrode-etched 'with 
5 x  m03 
new electrode-etched with 
5 g HNO3 
12 
TABLE I1 
The Effect of Current Density on the Increase i n  Charging Capacity 
Plateau Length (Minutes) 
With % Average *Without X Average 
Current Density Vibrations Deviation Vibrations Deviation % Increase 
109 arnpr/cm2 15.46 3 12.13 4 27.5 
14 5 10.66 2 7.88 3 35.3 









2 4.64 2 19.4 
4 3.39 4 9.7 
3 1.68 5 15.5 
2 1.28 7 28.1 
TABLE I11 
The Effect of Prior Vibration on Charging Capacity 
Plateau Length (minuter) 







average 2.99 2.94 
-2.97 -
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